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BOX 3MAMS

Strafn.gage teete were made on.two box beams loaded to
destrnotion in an attempt to ~erif

c
the shear-lag theory at.

‘mtreee~~ beyond the yield point. he test results indloat-
ed that the oorner-flange streeees oan be predioted w~th a
fair degree of aoouraay. Collapqe of both beams was pre-
elpltated by fnilure of the oorner nngloe fit tatreneea eloee
to the column yield stress of the material.

INTRODUCTfOl!? “

‘.

The ongineerlng theory of bonding is suffiotently ao-
curate for defining the stresses In all the fibers .of a
prinmatio beam with R EIolid reo~angulnr. orooe .meotion of
reasona~l~e depth-width rntio. A di~orepanoy appesrs.when
the beam ie made from thin mnt:erinl and tho “croeta seotlon
oonststs of di~tinot. wbbs and flang~e.. ~ho di.ocropmnoy
booomes more pronounood wheh.the flange Is both wido and
thin, ae is oommon in al.rplano etruoturuao

.

Th5s deviation from the eng~neeriqg bonding theory
majr exiBt in both.the totision gn~ oom~roaqion flange.a.
gheorioi. that have oomo to bp known aB.‘shear-laga theo-
ri.eahave been do%lopod to tako tho dovi~tion. into ao-
oount. L shear-lng.theory appears in reforenoe l.with
tiathods of analysis and experimental vqrlfioatlon. . .
..

. Herotofo&& experimental iriv’estigationb hnvo been con-
flnod mainly to tho..’e~udy of shoq.lng nt low etremsee,

. In the present invoetigntion, an.open box beam was tested .
to failura while ettnin moaeuromontn woro taken near tho
root, The .~oam was rebutlt, end.anothor ultimate-strength
teat.followo&. In.this paper thoro aro presented oompar!- .
. .

. .
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sons between aalouleted and experimental stresses for the
two teat beams, All the nnalyeee were mnde in aoaordanoe
with the methods of reforenoe 1.

Details of the analymla of the first benm aro glvon
in the appendix.

BENDIEG TESTS OF THE BOX BEAMS

Speoimens and Apparatus

An open box beam was teeted to destruotlon, with the
cover on the compression side. The beam was rebuilt and
another tent to deetruotlo~ wae made. The original beam
and the” rebuilt beam will be referred to as beam 1 and
beam 2, heepectively. . .

The cover waa designed to have a small ratio of the
area of the corner.flan~e angle to the area of the longi-
tudinal etringerm in order to yield a larger shear-lag
effeot than is usually found in actual structures. This “
design provides a rather severe check on the theory.

Test sDeoi men~ .- Beoause the wing struature is the .
part’ of an airplane most affected by shear lag, the speoi-
mens for this investigation wore built similar to an ao-
tual wing. Details of the test beams aro shown in ftgures
1 and 2. Both beams were made from 24S-T aluminum alloy,
eioept for traneveree bulkheads, whioh wero made of sto~l.
These bulkheads we~e flanged along three sides for attaoh- .
ment to the shear webs and etringers.

B’or the first series of tests the-b”ox wae of oonetant
cross seotion throughout. After failure the corner flange
was relnforoemd for a length of 22 Inches on either side of
the root by another angle formed from 0“.064-inch sheet and
the seoond ~eries of teste wns performed. When the box
WRS being rebuilt, the eo~or was rsoved 1* bays longitudi-
nally, and the surplus at one end wns cut off find spliced
to the other end. Thus, tho previously damaged part of
the oover was moved to R point of comparatively low stress,
New mrner-flange angles were used.

Tho full span, with Oymmetr~ about both the longitudi-
nal and transverse axes, wns used in order to obtain the
closest possible approximation to a fixed root. Loonl var-
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wng co~tio~ .-.T.WO oo.naltions qf .loqdtng were
used: (1) one ooncentrkte”d Ioad at the tip of eabh shear
wob and (2) four ooneent.rat ed loads .qual-ly spaoed almg
each web of the “half span. This distrib”uted-load condi-
tion wo,m ueod for .t.h.e.te~ts tihat were ca~r.ied to .fallure
becauso it .approxlmtitos ‘atitual”loadlrig mnd aleo produces
a larger shenr-lag affeot for n giyen “bonding .momont &t
tho root.

.. ....,.. , .1
Method of obtain in& dat m .- Stiain measurements were

take~ on the four quadrantq Qf .tho oov~r of 3ht3 “full span
near t-ho root. AS shown in figure 4, strain gages were
mounted both on the .out.sida.o.f the oover end- on the inside
log of the Z-str”tngere. At tho root etation no ga&e8 were
ugod on the Insido because of Intorfopopco by the bulklioad.

All strain meaaurementm.were made with xa~ltatanae-
type eleotrloal strain gageOm !l!herewere approximately
135 strain gagee used op.eqoh beam. ; .,..

Strain wam mea~ured at a m~mlmuam of three.load read-
ings in the elastlo range for eaoh test in order to oheok
the linear varlatlon; of stres~ with respeot~to applied
load. In order to reduce $hermal. errors. in.the measured
etrains, a reasonable amount of oontrol vas oxeroised over
the temp~rature in the vlolnity of tho teet spegimens.

OomverOj,on of strtin.moasurememts to stroaeu .- The
stress-strain curves for the materials of the oovor
(corner anglo, sheet, and etrlngers) wore obtainod by the
standard, paok-compression method developed by the National
Burgau of Stantlards-(ref6renOQ 2)s Those ourves wero n~ed
for converting strain measurements to oorrespoqi$ng ..
strohbos. .,

—-— --
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.& fmeasuramenta. - me tOtal”app13etl Jack load
0.6 percent. !Ihethibkiiessea

of all parts made from flat sheet were obtained by mlorom-
eter measurements aeourate to about *0.0002 lncho The
areaa “of the tenrnlon flange angles were taken-from a etruo-
tural aluminum haadbook~ Although the possible error In .
the areas- of these angles was larger than for ether parts
of the beam.arosii aectlon, the valuea were eonaldered aat-
iefautorye Strain measurements were made with an aaouracv
estimated to be Q percent-

SYMBOLS

area of flange, square inches

area of longitudinal, square inches
.
area of idealised str5nger, square Inohea

total area of cover, aquar~ tnchoe

Youngla modulus S pounde per qquaro lnoh

effective shear modulus, pounds per equare inoh

geometric moment of inertia, lnches4

shear-lag ~rameter

length, inches

bending moment, pound-inches

ehear foroe”,pounde

change in stringer force oaused by ;hoar deformat”ton
of cover sheet , pounds

auxlll”ary parameter (equation (14) of reference 1)

width of half beam, inches
-.

dletanoe bet~een rivet l%nee of adJacent atrk.gerg, inolee

width of subst~tute” beam, $nchos

dintanoa from oentro”ld to extreme fiber, lnehos

..

.

.... . ------ . ---, .- -,, ,, ,,, ,-, ,
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“h. .effectlve depth of beam, inches

-.. ,
t’

.’
P

~L“ .“

P
a“”. .

. . “.
,1. ::.-...,

..

- &_iekness.-of oover sheet.,$-.inp.hqs “ . . “:.,-~.~.... ... .“-.... “.._..-:,~-.-
thioknees of shear web, inohee

..”.
..+ -.”.......-..,., .

offedive wtdth of-sheet, Inohes
. . .,~.

“..” -

‘dista.me from oenter llna, inches
.

dlstqb~e:koza tienterline to resultant interaal
“.foi~6,’fnohbs.. ,,. .........1

shear strain

r+~ue ;? g~ration, .lnohes. .

norballtatrees.in flange, pounds per square inoh

norual .atress In longitudinal, pounds per qqunre Inoh
.. .,

normwl.stress based.on the assumption thnt.plane
oro.se.-aectlonaremein plane (Me/I ), pounds per

.squara Inc!h”
. . . . .,.. . . . .

,..

cTRST “iF$iJLWJ.~U COWARISOES” XITH CALCULATION8.’ :-;
.,. .. .. , .“!:-
., .. . ..

Strain-Gage Toste
..,
,..

... .. . . ..- .- .
l!hci .atr”a~}~s.ne’ae%ed in th:e ,outsido surface of. the

coveP differed greatly,- at oaoh gage etatlon, fr& those
measured OS.the insi.dQl,egsof the Z_strlngenq.o Faoto.re
that mtght “have e.ontrlbated ta theso large diffo.rences
were: .(1)~aeaon.aarvkendlng In t+o strtngers an? (2) ln-
aflequaay of the ri~ots for transuittlng the requ~red foroes

“ to the stringorsa

: Zha a&par~uon betwe;n.the erperinental md oalqulated
‘values was ei~pllfied by convertin~ all .etringer“stre,sses
to equivalent .stressos.at the controld .ofthe govero :Th1m

-. 6omvore40q :waS:.ma4ec.by .aqnumimg llqoak Varlatibn..b%etwedn
‘the stressqq.g.qasp~?d,,on thb. inatsl~e of thb.cdver qheet
and thos~. rneasp~qd.on t-4e..@side .legb of .gp~ ~st.rlpgers,. ... .. .. . . .. . ..-
. . -l ~itih“iibtirilmted loa&--Th&’Letiorfl+Sue-.distrib-
tioni of 8tres0e9 at r4everaletak~onb”.hea~thb.roet.”are
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shown In figure 5 for beam >“”with four oonoentrated loads.
The data and oaloulated onrves are shown for two values ef
load; namely, 8000 and 14,000 pounds Jaak load, or 600 and
875 pounds, respeotlvely, at eaoh loading otr.ap. The lower
Ion& ~roduoed stress dimtributiomttiat were typioal of the .
elastio range; the higher load represented the higheet load .
at whioh strain meaeuremente were tnken.

l’or the lower”load the agreement between oalcnllated
values and teet pointm 5B fnir nt the root. The ourvo
does not fit the experimental pointe exaotly. The corner-
flange stresses agree very well, however, and the eumma-
tion of the internal foroee In the cover balanoes the ex-
ternal foroe M/h.

In the ohordwiee plots at ~tationo 2$ and 5 Inohes from
the root, the low experimental v~lueO in the violnity of the
oorner flangeO Indiontod that the foroeta might not have
entered the cover as predioted. This oplnlon was supported
by the oomparleon between the internal find external foraee.
Tho internal foroes wero found to be 14 and 17 peroent lower
than tho external forooe at tatatiorie 2* and 5 inohos, re-
spootively, Booause strains were not measured nt every
stringer acroae the entire width of the oover, the measured
strains were used to eetimate the straine that were laoklng,
These eetimatione mny result in errors of npproximntely
*1O percent in total internal foroe. InriBmuoh as t,he flange
inolude~ more area than P.ny eingle stringer, a low. value
of etress at the flange hne a notloeable influenoe on the
total Internal force.

The flange etreeses were obtained from etrain measure-
ments taken on the aovor sheet near the flange rivets. Uo-
formationO In the rivets, owing tu failure of the rlvete to
fill tho rlvot holee completely, might have oaused the
foroes to remain in the corner flange rather than to be
transmlttod to tho ndjoinlng sheet snd stringers.

As shown In figure 4, moaeuremonts wero taken on the
oovor shoot next to tho flange. Tho oxporiment~l results
for thoso gagee should therefore bo oompared with value@
oaloulated for tho outer fiber of tho oover sheet. On
tho othor hand, tho weighted ~vorngo of tho meaeuremente
for oaoh Z-strlngor ehmuld bo oomparod with tho,vdue oal-
oulated for tho oontroid of tho oovor. Thue, there ie ona

oaloulatod curve for eaoh load fittho root where strain .
measuromonte waro taken only on the outelde of the oover
sheet, and two ourves at the other etations where strains



vars measured on the Z-etringer~ as well as on the oover
sheet ●.. ... . ,-. .-...,+ !,. ..

For the h~gher lo&~ 98” peroent--”of-”til-timhte,the-- --
oorner-flange s~esses at the root were not obtained. rig-

;
,n ure 6(a) shows that the othsr .valuos follow the trend of

7 the data for the lower load with, the exoeption of stririger
9. The nnusunlly high stress in this stringer may be tho
resul-t of a localizod banding. .(At failure, etringor 9
“was dis~oinod from tho root tntlkhed.) This effeot oon-
tinuos at station 2* Inohas; tho oorrespondihg value at
station 5“itiohd@ “wns not obtnlnod. “...

~afluro to.obtnln strain roadlngs at tho flange for
tho jaok load of 14,000 poun~s made it impraotiaabla to

.. oomparo Intean”nl nnfl external foroos. The walghtod avor-
ngo of”thc strc~tios In *ho Z-stringers iFJ shown for both
lon?e. Ag~ggnont of this avosage with the calculated
curve was gooi!!at ~OCC! pounds. 1$ seems, however, ”that a
different ass’am~tlon for weighting shduld be use~ at 14,000 -
“pou~dso Tca mtioh weight was apparently given to the strees
at the outsite of tlm cover sheet nt high Btresses...

The two valaes of oaleulated stress that appear near -
the flanges - both for th~ stresses oaloulated without .“
ehear lag (Mc/1) and with “shear lag - are for the .oen-
troid and the outgr fiber of the oover.

Beam 2 wltbdJ!Ju&QnM2u t rato~ lo~~ at tip .- Beam 2
“was testbd for cheoklng the distribution of stresses for .
the tip-load oondltlon without eauslng nny of the mate-
rld to >ield; the max:mum $aok.load was therefore restrlct-
ea. The chordwise dietrtbution of experimental stresses
(fig. 6) at tho root is in satieftiotory agreement. tith the
oalculatod val=ues: the sum of tk~ internal forces oonse-
quently.ohooks with the externnl forco. c

.-.. ...

Eealn 2~”&th ~Ht””. u~ed ~,-:”l’~@re. 7.showg therib
. . .ohordwise” distribution of .stbess at several stations for

#aok loads of 10,000 and 17;500 pounds or. 625 and 1Q95
pounds per” londln~”strap. As-in the onse’ for beam 1, the

. . lower load on beam 2 gave typleal resalte for the elnstlo
range, and the higher”lond wae the highest lohd at whioh
straia measmements” were taken. The.hgreememt .Between
“oalaulated.an~. ex.perimentRl vnlues la-fair nt the lower..
10na. “Zhe str~ins th~t were measufied nsqr the heel of the
OUtki.decorner P.nglesat.the robt corresponded td stresses
that Were” appiozimataly 10 peroent. grenter. th~n the cnlou- .
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lated strees for the root. The theory ytelde, howovero a
oqloulated etress in a fictitious oorner flange of sero
width. The flange aotually has finite width and a ohord-
wiee variatton in flange atreeO exlstem The summntlon of
the Sntornal foroee Is,approxlmately 7 peroent greater .
than the external foroe at tho root station nnd 5 poroent
lower at stattons 2* and 5 Inohes.

~or the jack load of 17,500 pounds, 98 peroent of ul-
timate, the experimental values nt the root ngree very .
well with the calculated curve in the viotnity of the
flanges. There are sever=tl “wild” points on the cover~
which may Indicnte 100al disturbances. At stntions & and
5 inches the experimental value-s nt the eentrtid. m?e appre- ‘
ciably higher than the calculated values. As in the ease
for beam 1, less weight should be given to the stress ~t

‘ the outside of the cover sheet in the evaluation of the
stresses at the centroid. The stresses measured on the
cover sheet near the flange rivets are much lower than the
anlcultited valueo; whereas the agreement between oRlculat- . ‘
ed and experimental velueg for tho corner angles 10 very ...
gOOa. These comparisons support the argument thstthe
flange rivets between the root Rnd station 7* Inches did
not tranemlt the forces an expeoted. The sum of the in-
ternal forces In the cover agrees with the external foroe
within 2 peroont Rt the root, 3 percent at StRtiOn 2$
inches, and 8 percent at station 6 inches. There were no
signs of buckling of the covor sh-ot between rivets.

Tho bettor agroemont of foroes for beam 2 as oomparod
with beam 1 Is explained by tho fRct that moasuremonts
were taken on the corner-flange angle for beam 2; whereae
tho flango was assumed to have the stress indicRtod”by the
gngo next to the flange rlvots for be~m 1.

Mc)aEJuronwnts nt high 10R as .- Curves of applied load

plottod against stress, for Rll individual measurements
showed that the stresses wore not proportional to the
10RdS in the higher regions: They wero lmgor than calcu-
lated for 50 poroont of the gRgos, equal for 36 Bercent, .
and lowor for the remaining 15 percent. At present there
Is not” enough information properly to oxplflin this behav-
ior. If a sRtisfRotory oxplnnRtion is sought, it ShOUld
be romombored that tho ytold point of tho material has been
oxaoodod in several parts of the beam. Other faotors that
mRy help to explain the d~SCrOpRnO~eS Rre: the oover sheet
buokled, with resulting loss of effeotlveness, at R #aok

load of 10 kips; the rivets in the stringers might have



.beeninadaquata for transmitting the ~equired force from
“oover.sheet to %=strin~~r: .and.Iogal bqnding ih thsi strin~

-- .zBTB Qtiiflt.B&.x-b-,.,” .4: .:4,:”.,. ..
.’ “.....-. -’... . ,.r:..l”;. - “““’ “ :----- , . . ,%L,.

~ “: “. . . .

tp
tiiti@ate. 8tPongt4”T99tB” “ - “ “. ..” ...

A .’ “
~ailurq8””of”bea&s._Tke .fallure in beam 1, whioh oQ-

aurred at a. jack lo~a”bfm 14,300 pounds with the. distribpteti
load oondition, ls.shawn in flguro 8. The oorner flange
failed ftret, fol$owod b~ fail~o of the ad~oin$ng etringerme
In order to provont exteneivo damage of tho speo”iqen the Jack
load wan roleaeed at an earl~ sign of doetruotlon, The
stringer next tQ tho flaago wa? novortheloss torn near a rivet.
The strtnger along the longitualnal oentor llne (strlngor 9)
was dl.sjolned from the hulkhaad at th~ ruot, This bulkhead
puffe.re~ bad d~storttonu at aover?.1places near tho etrlngers;
thoeo distortions Indlcatod the e.latmonoe of large mooondary
bending foroea. In the aaoond beam the root bulkhead was
a“ttaohed to the stringers by a l-by l-by l/8--lnch steel angle,

Beam 2 fa~lod at a jaok load of 17,900 pounde”wlth the
dimtributo&load condition,- Figure 9 shows the datn.ile
the failuroa An in beam 1 the flan~o waa firgt to fall,
followed b-y tho failure of several adJoinlng str~ngors. Unlike
bemm l,mhtch failed gra~ually, beam. 2 fallo~ very suddenly,
Tha corns~fl.ango material vas torn., as wns tho matezial In
the threo adjoining stringorso In contrast to tho stringers of..
beam 1, all liho etringore romained”attaehod to the %ulkhoads.

~ren~ th of cornar flnn-0- Tho calculated ultimate
mtrgee, in tho flan~o at the root station, for bean 1 wmn
47,400 pounds per squaro Inoh; whereas 50,450 pouride per
square inoh was calculated for.beam 20 Theaa values are quite
olose t.o the column yield stress of 50,.000 pounds per square
Inoh (referezce 3, fig, 6-1).

If one Z-etrlnGer and the
accomganiee It are igolatad, the.

radius of gyration p ~f tho section 1s found to be
0-350 Inoh. IX the support given to the stringers by the
bulkheads 1s assumed to be the equivalent of a pin end,
the effective column length of the stringer Is L = 22
lnehes. The resulting slenderness rmtlo, L/p = 63, is
used to obtain the allowable oolumn strength from the ap- .
proprlate curve fcr 248-T materiftl (roferenoe 3, fig. 61).
The allawablo colnmn stress is 23,000 pounds per mquaro inohs
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At failure the maximum Me/I OtreOO wam 24,400 pounde
per square inch for beam 1 and 29,000 pounds per square
inch for beam 2. These values may be interpreted to mean
th~ the stringers were firet to fail, with average fixltiy
coofflolents of 1.08 and 1.61, rc~peotively. InspectIon
of the various parts of both beams under lend, however,
showed that failure first ocourred in the oorner flanges,
The fallaoy of the arguuen~ that the stringers failed by
Instability Is obvious also because inoroasing the nrea of -
tho corner flange can hardly bo expooted to Increaso the
fixtty cooffieiont dovolopod by the stringers. .

COl!lCLUSIOHS

Shear lag Is sn intogratod offoct ovor tho structure
nnd yielding in 100al aretae of tho covor (such as the cor-
nor flanges Rt the root) should hnvo little Influence on
tho totml offoct. Tho shear-lag thocry should thoroforo be
valid for pre~icting tho bending strossos in the covor of a
box beam for high loads ns well as for loads that produoe
stresses below tho olastio limit of the material.

Tho results of the tests described in th$s report tend
to confirm tho forogoin~ thoorctioal conclusion. The ox-
porimontal cornor-flango strossos, which ero tho highest
strossos in tho covor, agroo fairly WO1l with tho caloulat-
od stroesos at all loads. Tho ultimato stress dovolopod
by the oornor flange, whore failuro startod,was found to bo
quito O1OSO to the column ylold stress.

Langley Memorial Aeronautical La.~ratory,
National Advisory Committoo for Aoronautlos,

Langley Yield, Va,

.,

I
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APPENDIX . “ 11

ANALYSIS Ol? MULTISTEIM(3ER BBAM 1 BY THj9 SUBSTITUTE

SI19GLlU.STEIMG13EMETH~D AND THE EECUREEIUJE B’OEMULA..
-,. ..,. . . .. - - . ... . . ..,., --- . .

Ideal&~tion of oro~e
b

sootlon.- Ae the first””st”ep in

c) the analysis of beam 1 tho idealized orose eootion is found.
y All effootivo nream aro conmiderod to ho oonoontrnted in
A “ points that ~ro joined by R fiot”’;IOUS ehoar-oarrying cover

shoot (fig. 2). ‘Phe effeotive width w of cover sheet for
the stringers is tnken ns one-half the stringer spaoing
b“ no e.ffeotive width is t-ken for the flange. The entire -

- w~~ is -nssumed to ho effective in bending; one-sixth the
~rea of the web is therefore considered to be concentrated “
nt the flange.

.

The are~ of the ideallzod flange AF oonsists of the
following parts:

(Sq in.)
Corner angle. . . . . . . . . . . . . . . . . 0.0848
Cover sheet, from”rivot llne to free edge

(Oo25 x 0.0422) .0106
Equiv~lent of web (i/~ ; &.;O”x”O:O~O~)” : : : : .0847
A~ . . . . . . . . . . . . . . . . . . . . . . 0.1801

!l!hafirst stringer next to the fln.nge is assumed to ‘
consist only of an affeotivo width of sheet equal to 20t:
tho area of this stringer is

20 X 0.0422 X 0.0422 = 0.0356 sq In.

Eflch of the seven ndjolulng stringers consists of R
z-’stiff~n’%r and two strips Of sheet e~oh one-half as wide
Rs bz . The nren of the idenllzed stringer is

Aet =.0.0664 + (2 .x ~ x 0.0422) = 0.1560 sq in.

ihe stringer at.the oenter line h~s one-hnlf-this area,
or 0“.0780 sq In. The tot~l nrem of the longitudinal is

Ar = 0.0356 + 7.5(0.1360) = 1.206 sq in. ““ . .

The analysisof this multlstrlnger be~m Is m~de by the
substitute single.stringer .method n~d the reourrenoe for-
mul a.

. .
mmm— mm,,, ,. —— .-
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IrirBt aumr oxi matlon of etihati~tititea%lteietietrineer
~truoture .- The basic dat”a for this be’am appahr in table I.
AEI the first approximation, nll the strfdger”d *&at ~re in-
cluded in AL are oombined into a single longitudinal,
which Is looatod nt the centroid of the stringers.

b~ = (7X0.156X4X2.125) + (0.078x8x2.125) = ~ 82 ~n,

1.206
.

Thus, tho controld is found to bo ~e8~ trrohd’r’.fro&.tl!h3f~~eo
Acoording to definition, this distnnce is tho substitute
width bs that is used as tho first approximation in the

cnlculatlons.

From tho assumption that the ratio G/E = 0.385, the
Bhear-lag pnr~.motor K IS found as follows:

~ 0.385 x 0.0422
8.92 ( )*+-. 1.206

= 0.00184 X 6.368

K= = 0.01177

whenoo ..

K = 0.1081 ,:

.
Tho been is divided into baya nlong the span, tho wob

shear being constant throv.ghout each bay. Stations are
taken at each point of application of load; four equal
baya result. The spanwise variation of the corne;hgl~ggf
stress dF is known to he large near the root.

bay is therefore subdivided into two bays and another sta=
ti.on appears. Unequal bays were used so that a station
at which strain measurements were tmken would result. This
spacing of stations allowed comparison of the gFQup o“f ex-
perimental values with the calculated curve of dlatriM-
ilon

●

l.!2.-

without interpolation batween stations.
.
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fiolents that are “used in the recurrence formul~~ Bec~uee
G and t are constant through out. the beam~.”the. common %
faot or Gt has beem omitted from all coefficients, as an-.!-...

“-’-arltrnetibti~isirnpllfidatation.
... . . . .,.

.. ..
.-
= When the coefficients that w.re oomppted in tnble’JI .. “
y nre used, the “equations for the :.-foroes nre written ao-
3 oordlng to equation (5) of ref-erenoe 1. The. b.oundnry oon-

ditlons are X = 0“ at the tip and Y = O In the founda-
tion bq’y,“ !or. Xo” E O “and TF+X F O. The equationa are .

. .
..:

.. - Xi”(o.lloo + O.lioo} + XJO.0202) = w69 + 1.38

xl(o.0202j -“X=(O.llOO + 0.1100) +“X=(0..92&) “= 4MI + 207”

x~(o.02Q2) - X3(0.1100 +.0.1180.) + Xa(C):0471) F -207”+ 276
..

x=io.0471) -:X4(0.1180 + 0.1615) + XS(O.1200) =:-276 t. 276

X4(0.1200) - XJO.1615) = -276 “

~hese” equations were solved nnd the computation of . . ‘
the stresses in the substitute single-stringer beam Is
given in tnbl~ 111.

Secor@ ~nmr~nlnstlon of substltuta sinE le-9trin~ez

structure. - Yor the first approxtmstion the substitute
width of beam IIHJStRlzon as the dist~noe from the flange to
the controid of tho longitudlnals. In the seoond ~~proxl-
mfttton bs is t?ia dlstanco from tho flnngo to the result-”
ant internal foroa in the longltudinale. Computation of
the now values of bs t hovovor, la not nocoesnry: Instefid,
n correction to K ~ay bem found firom figure 15 of referenoe .
1 and applied directly. After the second approximation the

fnet or ~(TL/b~l di?fers bYonl, lPer~ent from ~~
the corresponding faotcm in the first approximation. The
second ap roximat.ion is there:ore taken as final.

7
(See , .

table IV. ““ m “ . ..
., . .

Calculation of chord wlee Otre as diet ribution .- After
the spanwlse distribution of etresses ITI the subetltute
‘slngle=stringer beam has been found, the ohordtise distri-
bution ie oalciulated. The computations are shown In table
v. The final values of atroesee nre the !Icorreated values.”

. .

-.—
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The calculations are repeated to find the chordwlee”
distribution at the other statlonae If a croee aeation
Intermediate to the original stations 16 being considered,
the bay in question 1s treated as a free paael, and the
>forces at the cross section withln~ this bay
lated by the followlng interpolation formula:

are calou-

Xx =
%

sinh K(Lx)

‘W*sinh KL

where x is measured from station (n-l) and L 1s the
length of the baym

calculation of Strnsqos at anY ~Oad.- It wfll bO r-

cnlle~ that the p~aedi ng calcnlati ons wgro mado for a
concentrated load of 500 pounds at each bulkhead. In ordor to
find the stress distribution ~t any load, the proportional
part of the stresses calculated for 500 pounds Is taken. This
slmplo linear rolationshlp exists as long as the stresses
do not causo buckling of the cover sheet.

After the aritical buckltng r<ress of ths cover eheet
Is exceeded, the sheet continues LO *acome less effective
In calculations for tho streOOee et those croee aectiona
that have suffered such a loss of effective area, the re-
vised section proportion must be determlnede

Tho effectlvo wiath of cover sheet is calculated by
Marguorrels approximation formula

3

J

.——.....
2W = bl ‘cr /u

where

w offoctlvo width of sheet

bl di~tance between r~vet lln~s of addoining stringers

‘cr compresslvo buckling stress

a average atregs In Otring~rO

Tho critical buckling stroes of the cover sheet was found
by assuming each panel to be simply supported at the Z-
str~ngers and to have an aspect ratio of lnflnity (rofer-
enco 4, p. 605). These assumptions gave a value of
acr = 15rO00 ~ounde per square Inchn

L

lfor baam 1 with distributed lo%d the cov& sheet was
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found to be 91 peroent effeetlve In resisting oompressiva
forces. The final stresses at a Jncli load of 140000 pounds
are shown In- fig. ‘4”.-lTho oovor sheet was 88 porse.nt eX-

footive for ‘beam 2.

When a beam ie analyzed at stresses beyond tho buok-
li.ngstress of the oover, it is 1~--uRllynooossary to re-
viso only tho original Me/I o~.oulations by taking Into
acoount tlzo roduotion In tho offeoti~e area of the oover.
Although the cooffioients US05 In the roourronoo formula
ma~ bo ohangod by these revised areas, the X-fOrOo at any -
station depen~s, for the most part, upoa the avorago condi-
tions for the ontlae bonm (that is, upon the avornge valuo
of K). Tho individual vfiluo of K“.””~tthe station in
question has little influenco on tho X-forco. Toheroforo, “ .
tho X-forcos as obtnined from tho aaloulatlons for low
10%?.s (ontiro nron of ~ovor o:foctlvo) aro used.” At eny ,
ststion large changes in offoctlvo nroas ros.ult in” rnthor
Smn.11 Changes tn X.fordcjs find st.il-lsmaller ohmngas ill tO-
tal etrose. 2hus, tho nood for ropc~ting the X-forco aRl-
oulatio.ns ie precluded. Tho stressoe duo to tho X-foroes
Pro ch~hgod” for the- stri.ngcrs only, because tho flango
suffoz”s no 1089 in offoctlvonos.s. I’rom the new values of “
CL the. caloulatioas for the chordwlse distributions of .
stress fire rcade ns bafore.

. .
. . .“

.“” . . ,

,
. .

. .

.“. . .
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Pt. II.
D, Van

TABIJI 10

BASIO DATA YOR ANALYSIS OF TEST BllAMS

Ar in AF in I ATof AT Of
# root bay t~~ical AL root bay typical t h

Beam bay bay
(sq in.) (sq In.) (eq ins) (sq In.) (sq Ino) (in. ) {In, )

1 0.180 0.180 1 ● 2C6 1,386 16386 0.0422 6.80

2 .276 .176 1 ● 206 1=482 1s %82 ● 0422 6.30

..-

— —- -——



—

NACA
TABLE II.-

[

1— = 5.56;
AF

COMPUTATIOli OF COEFF’ICIEMTS FOR ~ FOR-
(FIRsT APmIoxmATIom

1 AL

q 1=o.&8; — = 0.870; h = 6.3o in. ; K D 0.I081;
AT

~ = 0.385; jack lod = 8000 lb

17

.

Bay L RL tulh XL @lnh IcL p q (I?ib)

TABLE III. - STRESSES IN SUBSTITUTE SINGLR-S’lTIIIIffHtBIMM

[

(FIRsT APPROXIHATIOM)

~ = 8.27 h. 3 (f~~ ~~ts~de fiber); AF _ 0.180 ‘q 1~. ;
Y

AL = 1.206 sq in. ; jack load = 8000 lb 1
Sta- x M ~P x/+

I
‘F

tlon (in. ) (lb-in. ) (lb/sq In. ) (1%) (lb/aq in. ) (lb/sq in. )

11,000 1s330 -347 -1,930 -600
-356 -1,975 2,020
-118

~ [;; ;~:g
#ij

:;!8 ,%
Ii”?;!

5 .s 27:130

(lb%$’in. ) (lb/% in. ) ‘~”~ %

-288
-29
-93
870

2060

1,618

!

-2.70 1.40

8:%:
2.12
1.10

1.0
.0

11,955 2.64 1. 0
11,250 .42 2.)+5

From figure 15 of reference 1

(1-3= 00452
= — = 1.052 (for correcting K)

+) &4

TABLE IV.- STRESSES IN SUBSTITUTE SINGLS-STRINGER BW
(SECOND APPROXIMATION)

[Jack load = 8000 lb]

sta- ~P x X/AF

tlon (lb/sq in. ) (lb) (lb/Sqin.)

-327 -1,815

~ j:$j :;;; -;:%

5 13,310 2379 13,200

‘F
(lb/sq in.)

-1+85

J%J

26:510

Total 6.79
Average 1.56

,X/AL

(lb/sq in.)

-271
-279
-111
798
1970

Average 1.34

From ffgure 15 of reference 1

() YL
lb-— = 0.438
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zAm v,- ~IOM (IF(XOEWKM S-S DISTRIBUTI~ A! R@ (S9!A!CIOli5) ;

Stringer

1

2

3

k

5

6

7

8

t9

. .

.

.

Yy “

2.30

2.01

“1.73

1.44

1.15

●a6

.5a

.29

0

co Sh Yy

5.04

3.81

2.90

2.22

1.74

1.40

1.17

1.04

‘ 1.00

[Jack load = IXIOtilb] “ .

(lb/~q in. )

(1)

26,510

20,.000

15,250

11,575

9,lqo

7,350

6,150

5,470

5,250

Totals

lUncorrectedvalues.
%orrected vsluea. .

*L = 11,340x 1.206.13,700
-0

-+312,7 0

A

(Sqsin.)

0.036

.156

.156

.156

.156

.156

.156

.156

.07g

1.206

d’t
(n))

(1) .

{955)

3,1.20

2 ,ylo

1,s20

1,425

1,145

960

655

4L0.

12,115

.

(lb/tqin,)

(2)

26,510

21,000

16,000

12,250

9,610

7S73C

‘“. 6,460

5s750

5,520

-
u&t

(lb)
(2)

~“

1,910

1,500

1,205

1,005

432

lj,6W

Correctionfahtor =
lqyj

= 1.050
12115.

.:

. .
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Figs. 1,2,4
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Figure l,– Dimensions of test beams, Figure 2.– Idealization
of beam I
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—-- —centroid of cover

(a) beam I.

- .

(b) Beam 2.

Figure 4.- Typical locations

strain gages.

of electrical
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Figure 3.- General view of specimen and set-up. u
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Figure 9.- Failure at root of beti 2.
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